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: $CA=(S,$ $Q,$ $N$, $n$
$\nu$ : $\{0,1, \ldots, n-1\}arrow S$
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CA 4 $(S, Q, f_{n}, \nu)$ . $f_{n}$ $n$ $\nu$
$\{0,1, \ldots, n-1\}arrow S$ .\mbox{\boldmath $\nu$} ( )
. $\nu$ range $(\nu)$ $N$ . $\mathbb{Z}^{2}$
Neumann $\nu(0)=(0,0),$ $\nu(1)=(0,1),$ $\nu(2)=(0, -1),$ $\nu(3)=(1,0)$ and $\nu(4)=(-1,0)$
$\nu$ .
CA ,3 ,n $=3$
1 ( ) CA
.4 CA .
. 3 , 3
,2 3
.
R110 2, 3 .
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2.1
CA , 1 .
1 CA 4 $(\mathbb{Z}, Q, f_{n}, \nu)$ .
1. $\mathbb{Z}$ . .
2. $Q$ $GF(q),$ $q=p^{k},p$ ,k .
3. $f_{n}$ : $Q^{n}arrow Q$ $n$ $f_{n}(x_{0},x_{1}, \ldots,x_{n-1}),n\geq 1$ .
4. $\nu$ $\{0,1, \ldots,n-1\}$ $\mathbb{Z}$ . $f_{\mathfrak{n}}$ $x_{t}$
$\nu(i)$ . range$(\nu)=(\nu(O), \nu(1),$
$\ldots,$ $\nu(n-1))$ CA .
$S$ . $(-1,0,1)\neq(-1,1,0)$ .
$\nu$ (degenerate) .




where $u_{i}\in Q,$ $0\leq i\leq q^{3}-1$ . (1)
$Q=GF(2)=\{0,1\}$
$f_{3}(x,y,z)=u_{0}+u_{1}x+u_{2}y+u_{S}z+u_{4}xy+u_{5}xz+u_{6}yz+u_{7}xyz$ ,
where $u_{1}\in\{0,1\},$ $0\leq i\leq 7$ . (2)
(2) Elementary Local Function (ELF ) . (2) $2^{8}=256$
ELF . irange$(\nu_{E})=(-1,0,1)$ $\nu_{E}$ $(-1,0,1)$ Ele-
mentaryNei$ghBorh\infty d$ fimction (ENB) . $(\mathbb{Z}, GF(2),$ $f_{3},$ $\nu_{E}$ ) $(\mathbb{Z},GF(2),$ $f_{3},$ $(-1,0,1))$
Elementary Cellular Automaton (ECA) ,
, [91. , [9]
Wolffam number . Wolffam number . :
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$Q=GF(2),f_{3}(x,y, z)=x+z$ $Wol\theta amnumber$ 90 .
$F_{\nu}$ ; $Q^{Z}arrow Q^{Z}$ : $c\in Q^{Z}$ j $\in Z$
$c(j)$ $c$ $j$
$F_{\nu}(c)(j)=f(c(j+\nu(0)),c(j+\nu(1)),$ $\ldots,c(j+\nu(n-1)))$ . (3)
. CA $F$ .
2.2
CA: Figl 1 CA ENB $N=(-1,0,1)$ .
$c$
$.$ . . .
$d=F(c)$ $\cdot\cdot$ $\cdot$ .
Figurc 1: CA
CA :Fig 2 $(Z, Q, f_{3}, \nu)$ , 3 (xOh $x_{1},x_{2}$ ) range$(\nu)=(-2,0,1)$
.









1) $f_{3}(a,b, c)\neq f_{3}(a, b, d)$ for $a,$ $b,$ $c\neq d\in Q$ : $f_{3}(x, y, z)$
$(-1,0,1+k)$ $(-1,0,1+k’)(0\leq k<k’)$ CA CA’ . $W=vab\delta d’dw$
, $F(W)(O)=f_{3}(a, b, c)\neq f_{3}(a,b, d)=F’(W)(O)$ . $W(O)=b,$ $\delta$ $\delta^{j}$
$k-1$ $-k-1$ $Q$ $v$ $w$ . $F(W)\neq F’(W)$ .
1 $CA\{(Z, Q, f_{3}, (-1,0,1+k)), k\geq 1\}$ .
$-1$ $0$ $k$ $k’$
$W$ $v$
$F(W)$ $v’$ $\zeta$ $\zeta’$ $w’$
2) $f_{3}(a,b,c)\neq f_{3}(a,b’,c)$ for $a,b\neq b’,c\in Q$ : $(x, y,z)$
$(-1,2+k, 1)$ $(-1,2+k’, 1)$ $(0\leq k<k’)$ CA CA’ . $W=$
$vadc\delta b\delta’b’w$ , $F(W)(O)=f_{3}(a, b, c)\neq fi(a,b^{j}, c)=F^{j}(W)(0)$ . $W(O)=d,$ $\delta$
$\delta’$ $-1$ $k’-k-1$ $Q$ $v$ $w$ . $F(W)\neq F’(W)$
. 1 $CA\{\{(\mathbb{Z}, Q, f_{3}, (-1,2+k, 1)), k\geq 1\}$
.
$w$ $v$ $1\delta$ $\delta’$ $\ovalbox{\tt\small REJECT}\nu\square w$
$F(W)$ ... $v’$ $\square$
3) $f_{3}(a,b, c)\neq f_{3}(a’,b, c)$ for $a\neq a’,$ $b,$ $c\in Q$ : (x, $y,$ $z$ )
$(-k-1,0,1)$ $(-k’-1,0,1)(0\leq k<k’)$ CA CA’ . $W=va’\delta’a\delta w$
, $F(W)(O)=f_{\theta}(a, b, c)\neq f_{S}(a’, b, c)=F’(W)(O)$ . $W(O)=b,$ $\delta$ $\delta’$
$k-1$ ’ $-k-1$ $Q$ $v$ $w$ . $F(W)\neq F’(W)$ .
1 $CA\{(\mathbb{Z}, Q, f_{3}, (-1-k, 0,1)), k\geq 1)\}$ .
$W$ $v$
$k’$
$\delta’$ $k$ $\delta$ $0$ $1$ $w$
$F(W)$ ... $v’$ $\square$ $\zeta’$ $\square$ $\zeta$
$\blacksquare$
12 3 $CA$ (256 $ECA$ ) .
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4 CA
$\mathbb{Z}$ $Q$ $(\mathbb{Z}, Q, f_{n}, \nu)$ $(f_{n}, \nu)$ .
12 $CA(f_{n}, \nu)$ $(f_{n}’,, \nu’)$





: $Q$ 2 CA $(f_{\mathfrak{n}}, \nu)$ $(f_{n}’,, \swarrow)$ . $N=range(\nu)$ Urange(’)
, $\ell:Narrow Q$ ” ” .
$c$ $N$ $F(c)(O)$ $F’(c)(O)$ .
$\ell$ $F(c)(O)$ $F’(c)(O)$ . $G(\ell)$ $G’(\ell)$ .
$\bullet$ 2 CA : $(f_{n}, \nu)\not\cong(f_{n}’,, \nu’)$ , $F$
$F’$ . $F(c)\neq F’(c)$ $c$ .
, $F(c)(O)\neq F’(c)(0)$ . G(\ell )\neq G’(
$\ell=c|_{N}$ .
$\bullet$ $G(\ell)\neq G’(\ell)$ $\ell$ , $c|_{N}=\ell$ $c$
$F(c)\neq F’(c)$ . 2 CA .
$\ell:Narrow Q$ G(P)=G’( ( )
. CA , . $\blacksquare$
, ,n $\neq n’$ 1
.
, CA scope $2r+1$
A .
1 $(f_{n}, \nu)$ $r= \max\{|\nu(i)||0\leq i\leq n-1\}$ . $CA(f_{2r+1}’, \nu’)$
. nmge(’) $=(-r, -r+1, \ldots,0, \ldots., r-1,r)$ , $f_{2r+1}’$ range$(\nu)$ $f_{n}$
, ’(i) $\not\in range(v)$ $x$: (don $\prime t$ care).
5 Neighborhood Family Permutation Family
CA 2 family ,
.
2 $f_{n}$ neighborhoodfamily $\mathcal{F}(f_{n})$ .
$P(f_{\mathfrak{n}})= \bigcup_{\nu\in N_{n}}\{(f_{n},\nu)\}$
. (4)
$N_{n}$ $\nu:\{0, \ldots,n-1\}arrow Z$ .
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3range$(\nu)$ $\pi$ $\pi(\nu)$ ,\mbox{\boldmath $\nu$} $\pi$ . $(f_{n}, \nu)$ pemutation
family $\prime y(f_{n}, \nu)$ .
$\varphi(f_{n},\nu)=\bigcup_{i=0}^{n!-1}\{(f_{\mathfrak{n}},\pi_{i}(\nu))\}$ . $(S)$
: $n=3$ ,ENB 6 .
$\pi_{0}=(-1,0,1),\pi_{1}=(-1,1,0),\pi_{2}=(0, -1,1)$ ,
$\pi_{3}=(0,1, -1),\pi_{4}=(1, -1,0),\pi_{5}=(1,0, -1)$.
2 $\nu$ $n$ $CA$ { $(f_{n},$ $\nu)|f_{\mathfrak{n}}$ : n-a’yfmction}
$\nu$ .
$\bigcup_{f_{n}}\varphi(f_{n}, \nu)=\bigcup_{1=0}^{n1-1}\{(f_{n},\pi_{i}(\nu))\}=\bigcup_{fu}\{(f_{n},\nu)\}$ . (6)
: .
, $g_{\mathfrak{n}}$ $\pi_{i},$ $1\leq\exists i\leq n!-1$ , $(f_{n}, \nu)\cong(g_{n}, \pi_{i}(\nu))$
. $\blacksquare$
CA 3 .
3 $f_{\mathfrak{n}}(x_{1}, \ldots,x_{n})$ $\sum_{|=1}^{\mathfrak{n}}x_{i}$ ,totalistic . $f_{n}$ talbtk ,
$(f_{n}, \nu)\in \mathcal{F}(f_{n})$ totalistic .
4 ne(linear) $CA(f_{\mathfrak{n}}, \nu)$ \Phi ne(linea .
$f_{n}(x_{1},x_{2}, \ldots,x_{n})=u_{0}+u_{1}x_{1}+\cdots+u_{\mathfrak{n}}x_{n}$ , where $u_{i}\in Q,$ $0\leq i\leq n$ .
$(f_{n}, \nu)$ ea a , $\nu$ $(f_{n},\pi(\nu))$ ffine$(hnear)$
.
5 $f$ : $Q^{n}arrow Q$ $|f^{-1}(a)|=|Q|^{n-1},$ $\forall a\in Q$ lanced . $CA$
$p\kappa images$ balanced . elanced $CA$
balanced . $CA(f_{n}, \nu)$ balanced ,(fn’ $\pi(\nu)$ ), $\forall\pi$ balanced .
.
6Number-conserving $ECA$ $number- conser\nu ing$ .
: number-conserving ECA (R184, $\pi_{0}$) conjugate (R226, $\pi_{0}$ ) [1].




3 2 3 CA ,
.
76 $ECA$ .
:6 ECA :Wolffam numbers R15, R51, R85, R170, R204, R240
([91 436 ). Table 1 . 6
elementa’y $\kappa versiblefinctions(ERF)$ . Table 1 R204 R15,
R170 R85 conjugate .
Table 1. Reversible CA with 2 states 3 neighbors
$\ovalbox{\tt\small REJECT} 1ocalconfigura_{Rl511110000}tion000001010011100101110111$
R51 1 1 $0$ $0$ 1 1 $0$ $0$
R85 1 $0$ 1 $0$ 1 $0$ 1 $0$
$\ovalbox{\tt\small REJECT} R17001$. $0$ 1 $0$ 1 $0$ 1
R204 $0$ $0$ 1 1 $0$ $0$ 1 1
R240 $0$ $0$ $0$ $0$ 1 1 1 1
R51 R15 R85 . .
$(R51,\pi_{1})\cong(R85,\pi_{0}),$ $(R51,\pi_{2})\cong(R15,\pi_{0}),$ $(R51,\pi_{3})\cong(R15,\pi_{0})$
$(R51,\pi_{4})\cong(R15,\pi_{0}),$ $(R51,\pi_{5})\cong(R51,\pi_{0})$ .
R204 R170 R240 . R170 R51
conjugate $\blacksquare$
8 $f_{ERF}$ ble 1 2 3 , ($ENB$ )
$\nu$ $(f_{ERF}, \nu)$ .
:R15 $=x+1$ CA $(R15, ENB)$ 1 . , $l,$ $m$
, $(R15, (-k, l, m))$ $k$ CA . R51 $=y+1$ R85 $=z+1$
CA R170 $=z$ , R204 $=y$
R240 $=x$ , . $\blacksquare$
$n$ $\mathbb{Z}^{n}$ 2 3 $f_{ERF}$ 1 , .
.
3 $\nu:\{0,1,2\}arrow \mathbb{Z}^{\mathfrak{n}}$ $CA(Z^{\mathfrak{n}}, GF(2),$ $f_{ERF},$ $\nu$) .
1 3 ? ,3
ENB $CA$ I800 , page436qf[
2 $ECA$ ?
3 2 CA ( 3) ,3
. .
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93 ENB $CA$ R270361043509 in Page 436 $of[9J$
.
:R270361043509 in p.436 of [9] CA $(-1,0,2)$
. 1 CA ( )
ENB .
: $(\mathbb{Z}^{2}, GF(3)$ , R270361043509, $(-1,0,2))$
$\overline{0}1\overline{0}$ $Ul1\circ$ $\overline{1}0\overline{1}$ . .
: David Sehnal Mathemafica R270361043509 $(-1,0,2)$
[7]. Naonori Tanimoto $C$
[8]. Clemens Lode 1
CA Java [2]. 8
. R270361043509
$(-1,0,2)$ . ENB 6
,ENB$=(-1,0,1)$ $(1, 0, -1)$ . $\blacksquare$
3 CLode 3 ENB $CA$ R277206003607
ENB ,El $(-1,0,2),$ $(-1,0,3),$ $(-2,0,1)$
. R277206003607 3
. 2 3 .
7
CA , ” ’
,CA . 1, 2 6
, .
,
. ENB RI IO ENB ? ENB
,R110 2 3 CA ?
.
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$Cp(0)=p(1)=0.5)$ .
Figure 3: Rule 110 with neighborhood $(-1,0,1)=ENB$
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Figure 4: Rule 110 with neighborhood $(-2,0,1)$
Figure 5: Rule 110 with neighborhood $(0, -1,1)$
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